Neurons are dynamic cells that respond and adapt to stimuli throughout their long postmitotic lives. The structural and functional plasticity of neurons requires the regulated transcription of new gene products, and dysregulation of transcription in either the developing or adult brain impairs cognition. We discuss how mechanisms of chromatin regulation help to orchestrate the transcriptional programs that underlie the maturation of developing neurons and the plasticity of adult neurons. We review how chromatin regulation acts locally to modulate the expression of specific genes and more broadly to coordinate gene expression programs during transitions between cellular states. These data highlight the importance of epigenetic transcriptional mechanisms in postmitotic neurons. We suggest areas where emerging methods may advance understanding in the future.
Why Study Chromatin Regulation in the Brain?
Over the course of vertebrate development, a single fertilized egg with a single genome gives rise to multiple different types of cells that have specialized functions and distinct gene expression programs. It has been well established that the differentiation of cell types is achieved through epigenetic (see Glossary) mechanisms of chromatin regulation that allow some genes to become transcribed whereas other are permanently silenced. The biochemical mechanisms of gene regulation that underlie the development and maintenance of cellular identity include direct modifications of the DNA itself (e.g., DNA methylation) and functional changes in the state of gene regulatory elements as well as global conformational changes of chromosome structure within the nucleus.
In the past decade, technological advances in methods for genome-wide sequencing have revolutionized our ability to characterize the epigenome in a wide variety of biological contexts, and these data have brought some significant surprises. Foremost among these is the observation that many of the epigenetic mechanisms once presumed to be highly stable, because they mediate persistent effects on gene regulation, are actually subject to dynamic modulation in specific cellular contexts [1] [2] [3] . This paradigm shift has prompted spirited commentary on what does and does not qualify as 'epigenetics' and also generated huge enthusiasm for the idea that the epigenome could serve as a target to improve human health. Neurons are extremely long-lived cells that, as part of their fundamental function in information processing, undergo robust and dynamic changes in their gene expression repertoires long after they have left the cell cycle and committed to a postmitotic identity. Thus neurons serve as an ideal substrate for studying the biological functions of the dynamic epigenome beyond its role in establishing cellular identity. In this review, to explore the advances that are emerging from the field of neuroepigenetics, we focus on two different temporal contexts. First, we explore the period of postmitotic neuronal maturation in the developing brain, and second we
Highlights
The widespread availability of low-cost and high-quality methods for genomewide sequencing has driven a massive accumulation of data regarding the state of the epigenome in neurons over a wide variety of conditions.
Changes in the methylation of cytosines in DNA, regulation of chromatin state at gene regulatory elements, and shifts in global nuclear architecture can all mediate dynamic gene expression changes.
Chromatin regulation contributes to functional changes in the biology of postmitotic neurons both during postnatal stages of brain development and in adult neural plasticity.
Proper gene expression during development is tightly controlled by mechanisms of chromatin regulation, and abnormalities in these mechanisms contribute to neurodevelopmental and neuropsychiatric disorders.
